REMARKS 

By this amendment, claims 1,5, and 22, have been amended. Thus, claims 1-25 are now 
active in the application. Reexamination and reconsideration of the application are respectfully 
requested. 

The specification and abstract have been carefully reviewed and revised to make 
grammatical and idiomatic improvements in order to aid the Examiner in further consideration of 
the application. The amendments to the specification and abstract are incorporated in the attached 
substitute specification and abstract. No new matter has been added. 

Attached hereto is a marked-up version of the changes made to the specification and 
Abstract by the current amendment. The attachment is captioned " Version with markings to 
show changes made " 

In item 1 on page 2 of the Office Action, the Abstract was objected to for exceeding 150 
words. The Abstract has been revised to have fewer than 150 words, and to otherwise conform 
with U.S. practice. 

In items 2-4 on pages 2 and 3 of the Office Action, the specification was objected to for a 
few informalities, and the Examiner requested corrections of any minor errors noted during 
review of the specification. Accordingly, the specification has been reviewed and revised to 
improve the English grammar and U.S. form thereof, and these revisions are incorporated in the 
substitute specification mentioned above. 

In item 5 on page 3 of the Office Action, claim 5 was objected to because the word 
"sides" is misspelled as "side." This correction has been made in the above claim amendments. 

In items 6 and 7 on page 3 of the Office Action, claims 23 and 24 were rejected under 35 
U.S.C. 1 12, second paragraph, as being indefinite for use of the term "high". This term has been 
deleted, thereby rendering the claims clearly definite within the meanings of 35 U.S.C. 112, 
second paragraph. 

In items 8-16 on pages 4-10 of the Office Action, claims 1,3,4, 10, 13, 14 and 21 were 
rejected under 35 U.S.C. 102(b) as being anticipated by Sadatomo (JP 2-1 13 123); claims 2, 1 1 
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and 15 were rejected under 35 U.S.C. 103(a) as being unpatentable over Sadatomo in view of 
Tajima et al. (U.S. 2002/0068639); claims 5-9 were rejected under 35 U.S.C. 103(a) as being 
unpatentable over Sadatomo in view of Bilz et al. (U.S. 6,497,622); claims 12 and 16 were 
rejected under 35 U.S.C. 103(a) as being unpatentable over Sadatomo in view of Hirota et al. 
(U.S. 2003/0106758); claim 25 was rejected under 35 U.S.C. 103(a) as being unpatentable over 
Sadatomo in view of Hirota and further in view of Kajima; claim 17 was rejected under 35 
U.S.C. 103(a) as being unpatentable over Sadatomo in view of Frost (U.S. 6,609,454); and 
claims 18-20 and 22-24 were rejected under 35 U.S.C. 103(a) as being unpatentable over 
Sadatomo in view of Honda et al. (U.S. 6,370,772). These rejections are believed moot in view 
of the above amendments to the claims, and are believed clearly inapplicable to the claims as 
now presented, for the following reasons. 

With exemplary reference to the present drawing figures, claim 1 sets forth a shaft 
coupling comprising two axially opposed rotary members 1 , 2 having rotation axes that can be 
positioned so as to be parallel to and not aligned with each other, the rotary members 1 , 2 having 
axially opposed surfaces axially facing each other, each of the axially opposed surfaces being 
formed with a plurality of guide grooves 5, 6 each axially facing and extending perpendicular to 
one of the guide grooves 6, 5 formed in the other of the axially opposed surfaces, rolling 
elements 3 each disposed between a pair of axially facing guide grooves 5, 6 at a portion where 
the pair of axially facing guide grooves 5, 6 cross each other so as to roll while being guided by 
the pair of axially facing guide grooves 5, 6, and a retainer 4 for restricting movements of the 
rolling elements 3 in a radial direction of the rotary members 1,2, whereby power is transmitted 
between the rotary members 1, 2 through the rolling elements 3, wherein the retainer 4 has 
elongated holes 7 formed therein, each of the elongated holes 7 extending perpendicular to a 
diametric direction (see Fig. 1) at a location corresponding to the portion where the respective 
pair of axially facing guide grooves 5, 6 cross each other, and wherein the rolling elements 3 are 
respectively rollably disposed in the elongated holes 7. 
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Thus, according to the amended claim 1, the retainer 4 has elongated holes 7, each 
extending perpendicular to the diametric direction and retaining the rolling elements 3. When 
the shafts A and B are offset (for example, as shown in Fig. 3b), the rolling elements 3 revolve, 
altering each position within each elongated hole 7 in the retainer 4 along with the change in the 
crossing points of the guide grooves in the circumferential direction. Therefore, the rotating 
center of the retainer is not altered when the shafts A and B are offset, and the retainer only 
rotates. 

In contrast, although the Sadatomo reference discloses two axially opposed rotary 
members (2, 4) having axially opposed surfaces (6, 8) facing each other, (7a-7d, 9a-9d) each 
axially facing and extending perpendicular to one of the guide grooves (9a-9d, 7a-7d) formed on 
the other of the axially opposed surfaces, and rolling elements (12a-12d) each disposed between 
a pair of axially facing guide grooves, as well as a retainer 10, the retainer 10 of Sadatomo retains 
the rolling elements (12a-12d) in circular holes (1 la- 1 Id) which have diameters approximately 
the same as the diameters of the rolling elements, and all of the rolling elements 12a-12d revolve 
so as to maintain their relative positions constant. Accordingly, when the axes of the rotary 
members 2, 4 are offset (as shown in Figs. 3 and 4 of Sadatomo) the retainer 10 revolves (i.e., the 
center 10' of the retainer 10 rotates) about the axis 2' at a speed twice as great as the rotational 
speed in a circular orbit having a radius that is half the distance of the distance D. That is, the 
holes (1 la-1 Id) of Sadatomo are not elongated holes as now required by claim 1 . 

Thus, in the arrangement of the Sadatomo shaft coupling, as the shaft offset D increases, 
vibrations also increase due to increase in the revolution of the retainer which may lead to 
instability in power transmission. In the present invention, on the other hand, the vibrations of 
the retainer are reduced regardless of the amount of offset between the axes of the shafts. 
Therefore, power transmission is stable and smooth. As such, the shaft coupling of the present 
invention can be used with high reliability even when used at high speed rotation and/or with a 
large amount of offset between axes of the shafts. 
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Accordingly, for the reasons presented above, it is believed apparent that the present 
invention of claim 1 is not anticipated by the Sadatomo publication. 

Further, it is submitted that there is no teaching or suggestion in Sadatomo or the other 
references of record that would have caused a person of ordinary skill in the art to find it obvious 
to modify Sadatomo or to make any combination of the references of record in such manner as to 
result in or otherwise render obvious the present invention of claim 1 . 

The Examiner cited the Tajima et al., Bilz, Hirota et al., Frost and Honda et al. references 
for teaching various features recited in the dependent claims. However, the disclosures of these 
references provide no teaching or suggestion that would have obviated the above-discussed 
shortcomings of the Sadatomo publication. Therefore, it is respectfully submitted that claim 1, 
as well as claims 2-25 which depend therefrom, are clearly allowable over the prior art of record. 

The Examiner's attention is also directed to the dependent claims which set forth 
additional features of the present invention and further define the invention over the prior art. 

For example, claim 20 specifies the inclusion of an elastic member biasing each of a pair 
of restrictor members 8a, 8b against the axially opposed rotary members 1 , 2, thereby producing 
the force with which the rotary members 1, 2 are sandwiched between the restrictors 8a, 8b. 

At the top of page 10 of the Office Action, the Examiner stated that "Honda shows in Fig. 
6 an elastic member (180) biasing each of said restrictors against the axially opposed rotary 
member, thereby producing the force with which said rotary members are sandwiched between 
said restrictor members." However, the elastic member (180) of the Honda reference is a part of 
the rotary member (roller 177) and does not bias the restrictors against the rotary member, as 
required by claim 20. 

Also on page 10 of the Office Action, the Examiner stated with respect to claim 22, that 
the elastic member (180) of Honda is mounted on an outer peripheral surface of the coupling 
member (228). However, as mentioned above, the elastic member (180) of Honda is a part of the 
rotary member (177) thereof and therefore, clearly differs from the structure required by claim 
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22, in which the rotary member and the elastic member are separated. Accordingly, these claims 
clearly further distinguish over the applied prior art. 

In view of the foregoing amendments and remarks, it is respectfully submitted that the 
present application is clearly in condition for allowance. An early notice thereof is earnestly 
solicited. 

If, after reviewing this Amendment, the Examiner feels there are any issues remaining 
which must be resolved before the application can be passed to issue, it is respectfully requested 
that the Examiner contact the undersigned by telephone in order to resolve such issues. 

Respectfully submitted, 

Takashi NOZAKI et al. 

/Charles R Watts/ 
By:2QQ9. Q 5.2 6 1 4: 2 4: 52 - Q4'Q Q' 

Charles R. Watts 
Registration No. 33,142 
Attorney for Applicants 

CRW/asd 

Washington, D.C. 20005-1503 
Telephone (202)721-8200 
Facsimile (202) 721-8250 
May 26, 2009 
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SPECIFICATION 



SHAFT COUPLING 

BACKGROUND OF THE INVENTION 



TECHNICAL FIELD 
[0001] 

The present invention relates to a shaft coupling through which two 
shafts are coupled together so that power is transmitted therebetween. 

BACKGROUND ART 
[0002] 

Shaft couplings are widely different in structure from each other 
depending on the positional relationship between driving and driven shafts 
which are coupled together through each shaft coupling so that power is 
transmitted from the driving shaft to the driven shaft. Typically, such two 
shafts are positioned so as to be aligned with each other, cross each other, or 
be parallel to (and not aligned with) each other. 
[0003] 

Among shaft couplings through which two parallel shafts are 
coupled together, Oldham couplings are well-known. Oldham couplings 
have, however, a problem in that if large power is transmitted between the 
two shafts, friction surfaces of sliders disposed between the two shafts 
cannot always be lubricated sufficiently, thus impairing smooth 
transmission of power. Also, this arrangement does not permit a large offset 
(diametrical distance between the axes) of the two shafts. 

1 



[0004] 

It is also known to couple two parallel shafts together through two 
constant-velocity joint instead of an Oldham coupling. But in this 
arrangement, since the working angles of the constant-velocity joints are 
restricted, in order to increase the offset of the shafts, the axial lengths of 
the joints have to be increased. This increases the size of the entire 
apparatus. 
[0005] 

Patent do cument 1 JP Patent Publication 2003-260902A discloses a 
mechanism through which power can be transmitted between two shafts. 
This mechanism comprises two axially opposed rotary members (disks) and 
a plate disposed between the rotary members. A plurality of direct-acting 
guides are provided on each of the front and back sides of the plate so as to 
extend perpendicular to the corresponding direct-acting guides on the other 
of the front and back sides of the plate so that power can be transmitted 
between the rotary members through the plate and the direct-acting guides. 
This mechanism is short in axial length and thus the entire apparatus is 
small in size. By arranging steel balls between opposed surfaces in the 
direct-acting guides that move relative to each other, large power can be 
smoothly transmitted. 
[0006] 

But in this type of shaft coupling, a large number of direct-acting 
guides are necessary, so that the manufacturing cost of the entire coupling 
tends to be high. Each direct-acting guide comprises a guide member and a 
rail member that are movable relative to each other. It is necessary to 
couple one of the guide member and the rail member to the corresponding 
rotary member and the other to the plate with high positional accuracy. It is 



therefore troublesome and time-consuming to mount the direct- acting 
guides with high accuracy such that their guide member and rail member 
are smoothly movable relative to each other. 
Patent document l: JP patent publication 2003-260902A 

DISCLOSURE SUMMARY OF THE INVENTION 

OBJECT OF THE INVENTION 

[0007] 

An object of the invention is to provide a shaft coupling which is 
short in axial dimension, which can transmit large power between shafts 
even if the offset amount of the shafts is large, and which is less expensive 
and can be assembled easily. 

MEANS TO ACHIEVE THE OBJECT 
[0008] 

According to the present invention, there is provided a shaft 
coupling comprising two axially opposed rotary members having rotation 
axes that are positioned so as to be parallel to and not aligned with each 
other, the rotary members having axially opposed surfaces axially facing 
each other, each of the axially opposed surfaces being formed with a 
plurality of guide grooves each axially facing and extending perpendicular 
to one of the guide grooves formed in the other of the axially opposed 
surfaces, rolling elements each disposed between a pair of axially facing 
guide grooves at a portion where the pair of axially facing guide grooves 
cross each other so as to roll while being guided by the pair of axially facing 
guide grooves, and a retainer for restricting movements of the rolling 
elements in a radial direction of the rotary members, whereby power is 
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transmitted between the rotary members through the rolling elements 

( claim aspect l) . 

[0009] 

With this arrangement, when the rolling elements are pushed by the 
driving rotary member, they push the driven rotary member while rolling in 
the guide grooves, with their movements restricted by the retainer in the 
radial direction of the rotary members. Thus, large power can be smoothly 
transmitted between the rotary members. A necessary offset amount is 
obtained by changing the length of the guide grooves. Between the rotary 
members, there are only the rolling elements and the retainer. Thus, the 
shaft coupling according to the invention is sufficiently short in axial length, 
can be manufactured at a low cost, and can be assembled easily. 
[0010] 

In order to prevent plastic deformation of or surface damage to 
contact portions of the rotary members, the rolling elements and the 
retainer due to stresses that act thereon while power is being transmitted, 
these members are preferably made of a metallic material and have their 
surfaces subjected to hardening treatment ( claim aspect 2). 
[0011] 

Preferably, each of the guide grooves extends in a straight line in a 
longitudinal direction thereof so that the guide grooves can be formed easily. 
Also with this arrangement, it is possible to keep a constant surface 
pressure between the guide grooves and the rolling elements, thereby 
preventing excessive surface pressure ( claim aspect 3). Preferably, each of 
the guide grooves extends at an angle of 45 degrees with respect to a radial 
direction of the rotary members so that the guide grooves can be formed 
more easily and also the surface pressure between the guide grooves and 
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the rolling elements can be kept more constant to more positively prevent 

excessive surface pressure (cla im aspect 4). 

[0012] 

In order to prevent skewing, the rolling elements are preferably 
spherical members ( claims aspects 5 to 10). In order to prevent rattling of 
such spherical rolling elements in the coupling while power is being 
transmitted, each of the guide grooves preferably has a plurality of surfaces 
that simultaneously contact the corresponding rolling element from both 
side sides of the guide groove with respect to the width direction of the 
guide groove, thereby restricting movements of the spherical rolling 
elements in the width direction of the guide grooves ( claim aspect 5). In 
order to increase the contact surface area with the spherical rolling 
elements, thereby reducing the surface pressure, each of the plurality of 
surfaces of each of the guide grooves may be a curved surface having a 
radius of curvature greater than the radius of the rolling elements ( claim 
aspect 6). Each of the plurality of surfaces of each of the guide grooves may 
also be a flat surface so that the guide grooves can be formed more easily 
and can be designed more freely than when their surfaces are curved 
surfaces ( claim as pect 7). Each of the guide grooves may have a portion 
which does not contact the corresponding rolling element and defines a 
recess so that the guide grooves can be formed more easily ( claim aspect 8). 
The retainer may also have curved contact surfaces which contact the 
respective rolling elements and have a radius of curvature greater than the 
radius of the rolling elements so as to reduce the contact pressure between 
the retainer and the rolling elements ( claim aspect 9). The retainer may 
also have flat contact surfaces which contact the respective rolling elements 
so that the retainer can be formed more easily ( claim aspect 10). 
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[0013] 

Preferably, surfaces of the guide grooves that are brought into 
contact with the rolling elements, surfaces of the rolling elements and/or 
surfaces of the retainer that are brought into contact with the rolling 
elements are subjected to one or a plurality of surface treatments selected 
from dry plating, wet plating, melting treatment, flame spraying, ion 
implantation, sulfidization, chemical conversion, surface heat treatment 
and shot peening to reduce the friction coefficient of these surfaces ( claim 
aspect 11). A lubricant is preferably disposed between contact surfaces of 
the guide grooves and the rolling elements and/or between contact surfaces 
of the retainer and the rolling elements ( claim aspect 12). With these 
arrangements, it is possible to minimize wear and heat build-up due to 
sliding friction between the contact surfaces of the guide grooves or the 
retainer and the rolling elements and to reduce the resistance to relative 
movement of the rotary members when their rotation axes are displaced 
from each other. 
[0014] 

Preferably, the shaft coupling further comprises an axial restrictor 
for restricting the axial distance between the rotary members within a 
predetermined range so that its members are securely joined together and 
the joint can be more easily assembled ( claim aspect 13). 
[0015] 

The axial restrictor may comprise two restrictor members each 
provided on a surface of one of the rotary members that is opposite to the 
axially facing surface of the one of the rotary members and sandwiching the 
rotary members ( claim aspect 14). 
[0016] 
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Preferably, surfaces of the rotary members that are brought into the 
restrictor members and/or surfaces of the restrictor members that are 
brought into contact with the rotary members are subjected to one or a 
plurality of surface treatments selected from dry plating, wet plating, 
melting treatment, flame spraying, ion implantation, sulfidization, 
chemical conversion, surface heat treatment and shot peening to reduce the 
friction coefficient of these surfaces (claim aspect 15). Preferably, a 
lubricant or a sliding member is disposed between contact surfaces of the 
rotary members and the restrictor members ( claim s aspects 16 and 17). 
With these arrangements, it is possible to reduce the frictional force that 
acts between the rotary members and the restrictor members when the 
rotation axes of the rotary shafts are displaced from each other. - 
[0017] 

The shaft coupling may further comprise m eans for making the 
distance between the restrictor members variable, whereby the force with 
which the rotary members are sandwiched between the restrictor members 
is adjustable, thereby making it possible to easily reduce the frictional force 
that acts between the rotary members and the restrictor members (claim 
aspect 18). This means may be a thread coupling means through which the 
restrictor members are threadedly coupled together ( claim aspect 19). 
Preferably, the shaft coupling further comprises an elastic member biasing 
each of the restrictor members against the axially opposed rotary member, 
thereby producing the force with which the rotary members are sandwiched 
between the restrictor members so as to prevent rattling o f the rotary 
members and the restrictor members (claim aspect 20). 
[0018] 

The restrictor members may be fixed in position such that the 

7 



distance therebetween is constant so that the force with which the rotary 
members are sandwiched between the restrictor members is kept at a 
predetermined level for a long period of time without the need for 
adjustment ( claim aspect 21). 
[0019] 

If the shaft includes a coupling member extending through guide 
holes each formed in one of the rotary members to couple the restrictor 
members together, an a elastic member is preferably mounted on an outer 
peripheral surface of the coupling member and/or elastic members each 
mounted on an inner surface of one of the guide holes so that when the 
coupling member moves in the guide holes while repeatedly contacting and 
separating from their inner surfaces while power is being transmitted, the 
elastic member absorbs the impact of contact, thereby suppressing noise 
and vibrations ( claim aspect 22). The elastic member or elastic members 
are preferably made of a material having high sliding properties (daim 
aspect 23). Specifically, the elastic member or elastic members may be made 
of a material comprising a rubber matrix to which a fluorine material is 
added ( claim aspect 24). 
[0020] 

In the arrangements of claim aspect 12 or 16, a lubricant is 
preferably retained in the shaft coupling, and the shaft coupling further 
comprises means for preventing entry of foreign matter into the shaft 
coupling from outside the shaft coupling to prevent an increase in frictional 
resistance of the respective parts during use ( claim aspect 25). 



ADVANTAGES OF THE INVENTION 
[0021] 
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According to the shaft coupling of the present invention, power is 
transmitted between the rotary members through the rolling elements, 
which are each disposed at a portion where the opposed pair of guide 
grooves cross each other. Thus, the frictional resistance between the 
respective members of the coupling while power is being transmitted is 
small, and large power can be smoothly transmitted. By increasing the 
length of the guide grooves, it is possible to easily increase the offset 
amount. Since only a small number of parts are disposed between the 
rotary members, the shaft coupling according to the present invention is 
short in axial length. Since no expensive parts which require high 
assembling accuracy, such as direct-acting guide, is used, the shaft coupling 
according to the present invention can be manufactured at a low cost and 
can be easily assembled. 
[0022] 

According to the invention of any of claims aspects 2 to 4, it is 
possible to increase the power transmittable between two shafts and to 
extend the life of the coupling. According to the invention of claim aspect 3 
or 4, the guide grooves can be formed easily, so that it is possible to further 
reduce the manufacturing cost of the coupling. 
[0023] 

If the rolling elements are spherical members, the guide grooves are 
preferably formed as defined in claim according to aspect 5 to reduce 
rattling of the rolling elements in the coupling and thus to more smoothly 
transmit power. Also, according to the invention of claim aspect 6. it is 
possible to further increase power that can be transmitted between two 
shafts. According to the invontion of claim aspect 7 or 8, the guide grooves 
can be formed easily. Similarly, by forming the retainer ao defined in claim 
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according to aspect 9, it is possible to increase the power that can be 
transmitted between two shafts. According to tho invention of claim aspect 
10, the retainer can be manufactured easily, so that it is possible to reduce 
the manufacturing cost of the coupling. 
[0024] 

According to the invention of claims aspect 11 or 12, it is possible to 
reduce wear and heat build-up on the contact surfaces of the guide grooves 
and the retainer and the rolling elements. Thus, the coupling can be used 
stably for a long period of time. Also, since the resistance to relative 
movement of the rotary members decreases, no high rigidity is required for 
bearings supporting the rotary members and other component parts of the 
coupling. This contributes to a further reduction in the manufacturing cost 
of the coupling. 
[0025] 

According to tho invention of claim aspect 13. because the various 
component parts of the coupling are joined together by the axial restrictor, 
the coupling can be more easily assembled. Also, during maintenance, the 
entire shaft coupling can be easily replaced with another such joint. The 
axial restrictor defined in claim according to aspect 14 is simple in 
structure. 
[0026] 

According to the invention of claim aspect 14. by applying the 
concept of any of claim s aspects 15 to 19, it is possible to reduce wear and 
heat build-up on the contact surfaces of the rotary members and the 
restrictor members and also to reduce the resistance to relative movement 
of the rotary members. Thus, as in tho invention of claim according to 
aspect 11 or 12, it is possible to stably operate the coupling and reduce its 
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manufacturing cost. According to the invention of claim aspect 20, it is 
possible to prevent any increase in the distance between the rotary 
members by sandwiching the rotary members between the restrictor 
members. Thus, power can be more smoothly transmitted between two 
shafts. According to the invention of claim aspect 21, it is possible to reduce 
the frequency of maintenance. 
[0027] 

In the invention of any of claims aspects 14 to 21, if the restrictor 
members are coupled together through a coupling member extending 
through guide holes of the rotary members, by applying the concept of claim 
aspect 22, it is possible to suppress noise and vibrations when the coupling 
member moves in the guide holes and to smoothly transmit power. 
According to the invention of claim aspect 23 or 24, it is possible to reduce 
the frictional resistance between the coupling member and the guide holes 
when the former slides in the latter and to reduce the wear of the elastic 
member. This reduces rattling of the parts of the coupling due to increased 
gaps between the coupling member and the guide holes, thus making it 
possible to more smoothly transmit power. 
[0028] 

According to the invention of claim aspect 25, it is possible to 
suppress an increase in frictional resistance between parts of the coupling 
during use of the coupling, so that the coupling can be operated stably for a 
long period of time. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

Fig. 1(a) is a side view of a shaft coupling of a first embodiment 
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(rotation axes are aligned); 

Fig. 1(b) is a sectional view taken along line PI of Fig. 1(a); 

Fig. 2 is an exploded side view of the shaft coupling of Figs. 1(a) and 

Kb); 

Fig. 3(a) is a side view of the shaft coupling of Figs. 1(a) and 1(b) 
during use (rotation axes are not aligned); 

Fig. 3(b) is a sectional view taken along line IIPIII of Fig. 3(a); 

Fig. 4(a) is a partial side view of a shaft coupling of a second 
embodiment (rotation axes are aligned); 

Fig. 4(b) is a sectional view taken along line IV- IV of Fig. 4(a); 

Fig. 5(a) is a partial sectional view of the shaft coupling of Figs. 4(a) 
and 4(b), showing the sectional shape of a guide groove,' 

Fig. 5(b) shows the sectional shape of a different guide groove,' 

Figs. 6(a) to 6(c) are sectional views of still different guide grooves,' 

Fig. 7 is an enlarged sectional view of the shaft coupling of Figs. 4(a) 
and 4(b), showing an axial restrictor,' 

Fig. 8(a) is a partial side view of the shaft coupling of Figs. 4(a) and 
4(b) during use; and 

Fig. 8(b) is a sectional view taken along line VIII-VIII of Fig. 8(a). 

DESCRIPTION OF REFERENCES 
[0030] 

iy-2 — plates 

3 — otocl ball 

4 — retainer 

5t-6 — guido groovo G 

5a, 6a — arcuate surface s 
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5b, 6b — recesses 

5c, 6c — flat surfaces 

5d, 6d — rocossos 

3 — elongated surface 

8 — axial rcstri c tor 

8a, 8b — rostrictor plates 

8e — pin- 

84 — lock nut 

8e — elastic member 

13, 14 — guide holes 

15, 16 — recesse s 

A — input shaft 

B — output s h aft 

BEST MODE FOR EMBODYING DETAILED DESCRIPTION OF THE 

INVENTION 

[0031] 

Now referring to Figs. 1(a). to 8(b). the embodiments of the present 
invention are described. Figs. l(al to 3 (b) show the shaft coupling of the 
first embodiment, which comprises, as shown in Figs. 1(a), 1(b) and 2, 
plates 1 and 2 as rotary members that are fitted on opposed ends of input 
and output shafts A and B, respectively, that are equal in diameter and 
having their central axes extending parallel to each other, a plurality of 
steel balls 3 as rolling elements that are disposed between the plates 1 and 
2, and a retainer 4 that restricts radial movements of the steel balls 3. 
Power is transmitted between the plates 1 and 2 through the steel balls 3. 
The plates 1 and 2 and the retainer 4 are made of a metallic material. The 
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plates 1 and 2, retainer 4 and steel balls 3 have their surfaces subjected to 
heat treatment or hardening treatment such as shot peening. In Fig. 1, for 
simplicity, the input and output shafts A and B are shown to be aligned with 
each other. But ordinarily, the shafts A and B have their central axes offset 
from each other, as will be described later. 
[0032] 

The plates 1 and 2 are doughnut-shaped disks having tubular 
portions on the inner edges thereof which are fitted on the opposed ends of 
the input and output shafts A and B, respectively. 
[0033] 

As shown in Fig. 1(a) and 2, eight guide grooves 5 are formed in the 
surface of the plate 1 opposing the plate 2 so as to be circumferentially 
spaced apart from each other at equal angular intervals. Eight guide 
grooves 6 are formed in the surface of the plate 2 opposing the plate 1 so as 
to be circumferentially spaced apart from each other at equal angular 
intervals with each guide groove 6 axially facing and extending 
perpendicular to the corresponding one of the guide grooves 5. The steel 
balls 3 are each received between an axially opposed pair of guide grooves 5 
and 6 at their crossing portions. The steel balls 3 thus roll while being 
guided by the guide grooves 5 and 6. The guide grooves 5 and 6 are 
circumferentially symmetrical to each other so that the forces transmitted 
between the respective steel balls 3 and each of the plates 1 and 2 are 
substantially equal to each other. 
[0034] 

Each of the guide grooves 5 and 6 extends in a straight line that 
forms an angle of 45 degrees with respect to the radial direction of the 
plates and has an arcuate cross-section of which the radius of curvature is 
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greater than the radius of the steel balls 3. 
[0035] 

The retainer 4 is an annular member formed with eight straight 
elongated holes 7 extending perpendicular to the diametric direction and 
from one side of the retainer to the other side. The steel balls 3 are each 
received in one of the elongated holes 7. The steel balls 3 each contact one of 
the elongated holes 7 on its surface area having a cross-section of which the 
radius of curvature is greater than the radius of the steel balls 3. 
[0036] 

The length of each of the guide grooves 5 and 6 of the plates 1 and 2 
and the elongated holes 7 of the retainer 4 are equal to the sum of the 
maximum distance by which the central axes of the input and output shafts 
A and B are movable in the radial direction of the plates and the diameter 
of the steel balls 3. 
[0037] 

When the input shaft A is rotated and the plate 1, which is fixed to 
the input shaft A, rotates, the steel balls 3 are pushed circumferentially by 
the guide grooves 5 of the (input) plate 1. Thus, with their movements in 
the radial direction of the plates restricted by the retainer 4, the steel balls 
3 push the guide grooves 6 of the (output) plate 2, which is fixed to the 
output shaft B, thus rotating the plate 2. Power is thus transmitted to the 
output shaft B. Power is transmitted in this manner irrespective of the 
rotational direction of the input shaft A or when the input shaft A is rotated 
by the output shaft B. 
[0038] 

Also, power is transmitted basically in the same manner as 
described above in an ordinary use condition in which the axes of the input 
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and output shafts A and B are offset from each other as shown in Figs. 3(a) 
and 3(b). In the state of Figs. 3(a) and 3(b), since the central axes of the 
plates 1 and 2 are offset from each other, the crossing portions of each pair 
of guide grooves 5 and 6 change when the plates rotate, so that power is 
transmitted between the plates with the steel balls 3 rolling in the guide 
grooves 5 and 6 and the elongated holes 7 of the retainer 4. 
[0039] 

Since this shaft coupling comprises only two plates 1 and 2 fixed to 
the input and output shafts A and B, respectively, steel balls 3 disposed 
between the plates 1 and 2, and the retainer 4 to transmit power, its axial 
dimension is extremely small. Also, each member forming the coupling is 
simple in structure and their assembling positions are automatically 
determined according to their shapes. Thus, the shaft coupling of this 
embodiment can be manufactured at a low cost and can be assembled easily. 
[0040] 

Even when power is transmitted with the central axes of the input 
and output shafts offset from each other, only the steel balls 3 roll with 
none of the parts of the coupling sliding, so that large power can be 
transmitted smoothly with the least factional resistance of the parts of the 
coupling. The coupling can also smoothly follow changes in the offset 
amount of the central axes of the two shafts. Moreover, since the offset 
amount o f the c entral axes of the two shafts can be freely determined 
within the range of the length of the guide grooves 5 and 6 and the 
elongated holes 7 of the retainer 4, even if the offset amount of the central 
axes of the two shafts used is large, power can be transmitted therebetween 
by increasing the length of the guide grooves 5 and 6 and the elongated 
holes 7 of the retainer 7. 
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[0041] 

Moreover, since all the component parts of the coupling are made of 
a metal and their surfaces are subjected to hardening treatment, they are 
less likely to suffer plastic deformation or surface damage due to stresses 
acting between the parts. Also, since the guide grooves 5 and 6 extend at an 
angle of 45 degrees with respect to the radial direction of the plates, the 
guide grooves 5 and 6 can be formed easily, and the contact surface pressure 
between the guide grooves 5 and 6 and the steel balls 3 are kept constant. 
Further, since the guide grooves 5 and 6 and the elongated holes 7 of the 
retainer 4 have a cross-section having a radius of curvature greater than 
the radius of the steel balls 3, the contact pressure therebetween is kept low. 
This prevents the possibility of excessive surface pressure at contact 
portions between respective parts of the coupling. Since the rolling 
elements through which power is transmitted between the plates 1 and 2 
are steel balls 3, the rolling elements never skew. Thus, large power can be 
stably transmitted for a prolonged period of time. 
[0042] 

If it is not necessary to transmit large power, the parts of the 
coupling may be made of a synthetic resin such as an engineering plastic to 
improve mass-productivity and reduce the weight of the coupling. The 
contact surface of the retainer that is brought into contact with each steel 
ball may be a flat surface so that the retainer can be manufactured easily 
and thus the entire coupling can be manufactured at a low cost. 
[0043] 

Figs. 4 (a) to 8 (b) show the shaft coupling of the second embodiment, 
which includes two opposed plates 1 and 2 shaped such that ends of input 
and output shafts A and B having different diameters from each other can 
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be fitted into the respective plates 1 and 2, and three axial restrictors 8 for 
restricting the axial distance between plates 1 and 2 to a predetermined 
range. Otherwise, this embodiment is identical to the first embodiment 
both in its basic structure and the mechanism of transmitting power. Thus, 
only what is different from the first embodiment is described below. 
[0044] 

As shown in Fig. 5(a), the guide grooves 5 and 6 of this shaft 
coupling each have the shape of a Gothic arch comprising two symmetrical 
arcuate surfaces 5a, 6a each having a radius of curvature greater than the 
radius of the steel balls 3 and both contacting the steel ball 3 from both 
sides of the width of the groove. With this arrangement, movements of the 
steel balls 3 in the width direction of the respective guide grooves are 
restricted, so that even if there are any gaps between the steel balls 3 and 
the retainer 4, or if the parts loosen in the axial restrictors 8, power can be 
smoothly transmitted. Since the arcuate surfaces 5a and 6a have a radius of 
curvature greater than the radius of the steel balls 3, the contact surface 
pressure therebetween is small as in the first embodiment. The guide 
grooves 5 and 6 may have acute side edges, but preferably have curved side 
edges to prevent burrs when the grooves are formed, or have their side 
edges chamfered to remove any burrs. 
[0045] 

Fig. 5(b) shows modified guide grooves 5 and 6 which are each 
provided with a recess 5b, 6b in its bottom that does not contact the steel 
ball 3. Since the recesses 5b and 6b do not have to be finished with so high 
accuracy in dimensions and roughness as with the arcuate surfaces 5a and 
6a, the guide grooves of Fig. 5(b) can be more easily formed than the guide 
grooves of Fig. 5(a). 
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[0046] 

Figs. 6(a) to 6(c) show still other guide grooves. The guide grooves 5 
and 6 of Fig. 6(a) have a V-shaped cross-section, each comprising two flat 
surfaces 5c and 6c that simultaneously contact the steel ball 3 from both 
sides of the width direction of the groove. Such guide grooves can be more 
easily formed than the guide grooves of Figs. 5(a) and 5(b), which have 
curved contact surfaces with the steel balls 3, and can be designed with 
higher freedom too. 
[0047] 

The guide grooves of Fig. 6(b) comprise flat surfaces 5c and 6c 
having a different inclination angle from the flat surfaces 5c and 6c of the 
guide grooves of Fig. 6(a) to increase the contact angle with the steel balls 3, 
thereby reducing the axial force that acts on the axial restrictors 8. The 
guide grooves of Fig. 6(b) each have an open bottom like an elongated hole. 
[0048] 

The guide grooves of Fig. 6(c) have flat surfaces 5c and 6c having a 
large contact angle as the flat surfaces of the guide grooves of Fig. 6(b), and 
small in depth so that the grooves 5 and 6 have a bottom. Thus, the plates 1 
and 2 of this example have increased strength. In this example, the bottom 
surfaces of guide grooves 5 and 6 serve as the recesses 5d and 6d, so that no 
high accuracy is necessary to form the bottom surfaces of the grooves. 
Therefore, the guide grooves of this example can also be formed easily. 
[0049] 

Description is now made of means for preventing slipping of the 
steel balls 3 of the shaft coupling. In this embodiment, the surfaces of the 
steel balls 3, the guide grooves 5 and 6 of the plates 1 and 2, and the 
surfaces of the elongated holes 7 of the retainer 4 that are brought into 
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contact with the steel balls 3 are subjected to one or a plurality of surface 
treatments selected from dry plating, wet plating, melting treatment, flame 
spraying, ion implantation, sulfidization, chemical conversion, surface heat 
treatment and shot peening to reduce the friction coefficient of these 
surfaces. A lubricant is present between the contact surfaces of the guide 
grooves 5 and 6 and the steel balls 3 and between the contact surfaces of the 
elongated holes 7 of the retainer 4 and the steel balls 3. The lubricant is 
retained in the coupling. The coupling includes a radially outer boot 9, a 
radially inner seal 10, an outer cover 11 and an inner cover 12 to prevent 
entry of foreign matter into the coupling. Thus, even if some of the steel 
balls 3 slip when they are moving along the guide grooves 5 and 6 and the 
elongated holes 7 of the retainer 4, wear and heat build-up due to sliding 
friction are kept to a minimum for a long period of time, and the resistance 
to relative movement of the plates 1 and 2 in a direction in which their 
rotation axes shift from each other is small, too. 
[0050] 

Among the abovementioned surface treatments, dry plating 
treatments include PVD (physical vapor deposition) treatment and CVD 
(chemical vapor deposition) treatment. In PVD treatment, a film of TiN, 
ZrN, CrN, TiC, TiCN, TiAIN, A1 2 0 3 , DLC (diamond-like carbon) or the like 
is preferably formed. In CVD treatment, a film of TiC, TiN, TiCN, TiCNO or 
the like, or a composite film of TiC/TiN, TiC/Al 2 0 3 , TiC/TiCNO, 
TiC/TiCN/TiN, TiC/TiCNO/TiN, TiC/TiCN/Al 2 0 3 , TiC/Al 2 0 3 /TiN or the like 
is preferably formed. Wet plating includes electroplating and electroless 
plating, and industrial chrome, electroless chrome or composite plating is 
used. 
[0051] 
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Melting treatment includes cladding, ironing and glazing. Flame 
spraying includes gas flame spraying and electric flame spraying. And films 
formed by flame spraying include chromium oxide, titanium oxide and 
zirconium films. Ion implantation includes high-energy implantation and 
medium-energy implantation. As sulfidization treatment, composite 
treatment is effective in which a film comprising a layer containing 
molybdenum disulfide as a solid lubricant is formed. Chemical conversion 
treatment includes phosphate treatment, iron phosphate treatment, 
manganese phosphate treatment and chromate treatment. Surface heat 
treatment includes surface hardening, carburization, nitriding and 
sulfurizing. 
[0052] 

Among these treatments, dry plating, sulfidization and chemical 
conversion are especially effective in reducing the friction coefficient of the 
contact surfaces. Heat treatment such as nitriding can not only reduce the 
friction coefficient but improve the wear resistance. 
[0053] 

As the lubricant, grease is used which comprises a mineral oil, a 
synthetic oil or a mixture thereof as a base oil, and a urea thickening agent. 
The grease further contains molybdenum disulfide, tungsten disulfide, 
melamine cyanurate, graphite or boron nitride as an extreme pressure 
agent, and molybdenum dithiocarbamate, zinc dithiocarbamate, zinc 
dithiophosphate, sulfuric additives, phosphoric additives, oiliness additives, 
dispersants and antioxidants. Preferably, in order to more stably supply 
grease, grooves as grease sumps are formed in portions of the guide grooves 
5 and 6 which the steel balls 3 do not pass. 
[0054] 
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Description is now made of the axial restrictors 8 of this shaft 
coupling. As shown in Fig. 7, the axial restrictors 8 each comprise two 
restrictor plates (restrictor members) 8a and 8b each provided on one of the 
surfaces of the plates 1 and 2 opposite to their surfaces axially facing each 
other, a pin 8c fixed to the restrictor plate 8a on the input side and 
extending through the plates 1 and 2, the retainer 4 and the restrictor plate 
8b on the output side, and a lock nut 8d in threaded engagement with the 
free end of the pin 8c. By tightening the lock nut 8d of each restrictor 8, the 
restrictor plates 8a and 8b are pressed against the plates 1 and 2. Between 
any adjacent ones of the three axial restrictors 8, which are angularly 
spaced apart from each other at equal intervals, two axially opposed pairs 
of the six guide grooves 5 and six guide grooves 6 of the plates 1 and 2, two 
of the six elongated holes 7 of the retainer 4 and two of the six steel balls 3 
are disposed so that they are circumferentially symmetrical to each other. 
[0055] 

While not shown, a spring member such as a leaf spring is disposed 
between the restrictor plate 8b on the output side and the lock nut 8d of 
each restrictor to bias the restrictor plates 8a and 8b against the plates 1 
and 2. 
[0056] 

With this arrangement, simply by changing the tightening amount 
of the lock nuts 8d of the axial restrictors 8, it is possible to easily adjust 
the distance between the restrictor plates 8a and 8b and the force with 
which the restrictor plates 8a and 8b are pressed against the plates 1 and 2 
through the spring member. 
[0057] 

The pin 8c of each restrictor has its trunk covered with an elastic 
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member 8e. The elastic member 8e is made of a material comprising a 
rubber matrix to which a fluorine material is added to improve its sliding 
properties while maintaining elasticity of the rubber (such as Bearee 
ER3600 and Bearee ER3201 made by NTN Engineering Plastics 
Corporation). 
[0058] 

The plates 1 and 2 are formed with guide holes 13 and 14, 
respectively, through which the pins 8c of the axial restrictors 8 extend. 
Like the guide grooves 5 and 6, the guide holes 13 and 14 extend in a 
straight line at an angle of 45 degrees with respect to the radial direction of 
the plates 1 and 2. Between the respective guide holes 13 and 14 and the 
pins 8c, suitable gaps 17 and 18 are defined so that the pins 8c do not get 
stuck in the guide holes 13 and 14. The restrictor plates 8a and 8b are 
received in recesses 15 and 16 formed in the surfaces of the plates 1 and 2 
facing the restrictor plates 8a and 8b. 
[0059] 

The retainer 4 does not have to guide the pins 8c of the axial 
restrictors 8, so that its holes 19 through which the pins 8c extend have a 
far larger diameter than the outer diameter of the pins 8c so as not to 
interfere with the pins 8c. 
[0060] 

With this arrangement, as shown in Figs. 8(a) and 8(b), when the 
plates 1 and 2 rotate with the rotation axes of the input and output shafts A 
and B offset from each other, the pins 8c of the axial restrictors 8 move in 
the respective guide holes 13 and 14 of the plates 1 and 2, while the 
restrictor plates 8a and 8b slide on the surfaces of the recesses 15 and 16 of 
the respective plates 15 and 16. Thus, power is transmitted between the 
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plates 1 and 2 with the distance therebetween unchanged. 
[0061] 

When the pins 8c of the axial restrictors 8 move in the guide holes 13 
and 14, the pins 13 and 14 are repeatedly brought into and out of contact 
with the inner side faces of the guide holes 13 and 14. The elastic members 
8e covering the pins 8c absorb the shock of such contact. Since the elastic 
members 8e are made of a material having excellent sliding properties, the 
pins 8c can slide on the guide holes 13 and 14 with less frictional resistance, 
and the elastic members 8e are less likely to become worn. Thus, the gaps 
17 and 18 defined between the pins 8c and the guide holes 13 and 14 are 
less likely to expand, so that the pins 8c are stably held in the guide holes 
13 and 14. This makes it possible to smoothly transmit power without noise 
and vibrations. 
[0062] 

In the embodiment, the elastic members are mounted on the outer 
periphery of the pins. But instead of or in addition to such elastic members, 
similar elastic members may be mounted on the inner side surfaces of the 
guide holes. Such elastic members may be made of an ordinary rubber or 
plastic. But in order to smoothly transmit power, they are preferably made 
of a material having excellent sliding properties such as mentioned above. 
[0063] 

By suitably tightening the lock nuts 8d, it is possible to sandwich 
the plates 1 and 2 between the restrictor plates 8a and 8b with no gaps 
present between the restrictor plates 8a and 8b and the plates 1 and 2, 
thereby reducing the frictional force produced between the restrictor plates 
8a and 8b and the recesses 15 and 16 of the plates 1 and 2 while minimizing 
an increase in the distance between the plates 1 and 2. 
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[0064] 

In order to further reduce the frictional force produced between the 
restrictor plates 8a and 8b and the recesses 15 and 16 of the plates 1 and 2, 
their contact surfaces are subjected to one or more than one of the 
above mentioned surface treatments, which are also applied to the steel 
balls 3, guide grooves 5 and 6 and retainer 4 in order to prevent slipping 
therebetween, thereby providing contact surfaces that are small in friction 
coefficient. Between the contact surfaces, grease as mentioned above is 
present as a lubricant. While not shown, grooves as grease sumps are 
formed in the contact surfaces to stably supply grease. In order to further 
reduce the frictional force, a sliding material may be disposed between the 
contact surfaces. For example, a sheet of a synthetic resin having excellent 
sliding properties such as polytetrafluoroethylene (PTFE) may be stuck on 
at least one of the contact surfaces, or small steel balls may be disposed 
therebetween. 
[0065] 

By suitably determining the center of curvature of each of the 
arcuate surfaces 5a and 6a of the guide grooves 5 and 6 shown in Fig. 6(a) 
5(a) and its curvature so as to increase the contact angle between the steel 
balls 3 and the guide grooves 5 and 6, it is possible to reduce the axial force 
applied to the axial restrictors 8 through the plates 1 and 2 and the steel 
balls 3 while power is being transmitted, thereby reducing the frictional 
force between the restrictor plates 8a and 8b and the recesses 15 and 16 of 
the plates 1 and 2. 
[0066] 

When it is not necessary to adjust the distance between the 
restrictor plates such as during mass-production, the restrictor plates can 
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be fixed in position by e.g. crimping so that the distance therebetween is 
constant, thereby further shortening the axial length of the coupling and 
keeping the force with which the restrictor plates sandwich the plates 1 and 
2 at a constant level for a long period of time. This makes it possible to 
reduce the frequency of maintenance. 
[0067] 

In this embodiment, since the members of the coupling are 
integrally coupled together by the simple axial restrictors 8, the coupling of 
this embodiment can be assembled more easily than the coupling of the first 
embodiment. During maintenance, the entire coupling can be replaced with 
a new one. 
[0068] 

By the provision of the means for reducing wear and heat build-up 
due to sliding friction between the steel balls 3 and the guide grooves 5 and 
6, between the steel balls 3 and the retainer 4, and between the restrictor 
plates 8a and 8b and the recesses 15 and 16 of the plates 1 and 2, power can 
be transmitted with a minimum loss, and the coupling can stably maintain 
its function for a long period of time. Resistance to relative movement of the 
plates 1 and 2 is small, so that high rigidity is not required for bearings (not 
shown) supporting the input and output shafts A and B, and other members 
of the coupling. The coupling can therefore be manufactured at a low cost. 
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ABSTRACT 



An object is to provide a shaft coupling which is short in axial dimension, 
which can transmit large power between shafts even if tho offset amount of 
the shafts is large, and which is loos expen s ive and can be a ss embled easily. 

The A shaft coupling includes plates 1 and 2 fitted on ends of 

input and output shafts A and B , respectively. A plurality of guide grooves %■ 
and 6 are formed in the opposed surfaces of the plates 1 and 2 , respectively, 
so that each of the grooves 5 and 6 extend extends p erpendicular to the 
corresponding groove formed in the other plate. A steel ball is disposed 
between each pair of guide grooves 5 and 6 of the plates 1 and 2 at a portion 
where the pair of grooves 5 and 6 cross each other. When the steel balls are 
pushed by the driving plate-4, they push the driven plate 2-while rolling in 
the guide grooves 5 and 6 , with their movements restricted by a retainer 4 
in the radial direction of the plates. Thus, large power can be smoothly 
transmitted between the rotary members with less factional resistance. 
The offset amount can be changed easily. Between the plates 1 and 2 , there 
are only the steel balls 3-and the retainer^. Thus, the shaft coupling is 
sufficiently short in axial length, can be manufactured at a low cost, and 
can be assembled easily. 
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